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INTRODUCTION
The inorganic polymer silica is well suited to form small particles of defined geometry and porosity. These are preferred characteristics for support materials in 0021 packed column systems used in reversed-phase high-performance liquid chromatography (RP-HPLC). The performance and selectivity of chromatographic separations that can be achieved with such packing materials in RP-HPLC depend largely on the microstructure of the organic layer bonded at the silica surface. In spite of the widespread application of RP-HPLC stationary phases, two main problems are still encountered. These concern the reproducible preparation of these phases, having controlled, predictable selectivity, and the relatively poor stability under a number of practical conditions. During more than two decades, much effort has been put into the synthesis of organic layers to (mainly) silica substrates. These studies are still being continued and include the attachment of mono-, di-and trifunctional ligands to substrates, the last two often resulting in (un)controlled polymeric phases.
It is now recognized that in addition to the properties of the substrate and the density of the ligand surface coverage, the functionality of the bonding agents and the alkyl chain length are important parameters with respect to stability and selectivity. Much attention has been paid to the shielding of the substrate in order to prevent unwanted solute-substrate interactions, i.e., silanophilic interactions.
A minimum surface coverage and chain length, difunctionally attached to the substrate, seem to result in more or less stable stationary phases [l- -6] . However, in recent years RP phases have been applied to an increasing extent for the separation of basic compounds and unprotected proteins and peptides, the separations usually being performed at pH < 3 or pH > 8. In these regions many RP phases are not stable over a considerable period of time. This stimulated a further search for selective and stable phases without unwanted substrate-solute interactions.
At present these efforts are concentrated on the preparation of very dense monofunctionally bonded ligands [7] and on the synthesis of polymer phases with controlled structures and properties in order to provide special selectivities [8, 9] . The latter phases are synthesized using di-or trifunctional chloro-or alkoxysilanes under strictly controlled reaction conditions, especially with respect to the amount of water during the synthesis.
Also, amongst others, Kirkland et al. investigated the properties of bidentate bonded phases and also a number of bulky phases [lo] . Both of these types of phases look promising with respect to improved stability. In the latter type, the methyl side groups are replaced with larger groups in order to increase the shielding from unwanted solute-substrate interactions.
Another approach in order to prepare selective and stable stationary phases is the encapsulation of silica or other substrates with a polymeric layer such as polymethylsiloxanes, substituted by long-chain alkyl ligands; polybutadiene [l I-141 and copolymerized vinyl-modified silica with acrylic acid [15] . Othsu et al. [16] deposited silicone monomer on the substrate, subsequently followed by in situ polymerization and attachment of, e.g., octadecyl ligands. There is evidence that a number of these phases exhibit superior stability and shielding properties to conventional ligand-bonded phases. However, the actual structure and bonding of the polymeric layers to the substrate is not clear in all instances and is the subject of further research.
In this study, two reversed stationary phases were prepared on the same batch of silica and extensively investigated, together with one model phase: (i) a conventional dimethyloctadecyl-bonded phase; (ii) a model polymethyloctadecylsiloxane polymercoated phase, subsequently immobilized by cross-linking and chemical bonding to the silica [l l-141; and (iii) the same as under (ii), but the silica was pretreated by a silanization procedure with trimethylsilane enolate prior to the polymer coating procedure [ 
141.
The last type of RP material is well known for its low concentration of residual silanol groups and a favourable surface shielding by the cross-linked polymer [14] . This polymer is only physically adsorbed at the presilanized silica surface, as will be shown below.
In this paper we lay emphasis on the comparison of shielding effects and stabilities between a conventionally modified ligand phase and siloxane polymer-coated layers, either directly on porous silica or on a hydrophobic precapped silica. These materials were subjected to artificial ageing under simulated routine use conditions [3, 17] . After ageing, changes in stationary phase properties were investigated in detail by chromatography, elemental analysis and high-resolution solid-state "Si NMR. In this way, the influence of the various chemical modifications of the silica substrate on the chromatographic properties and the resistance of the stationary phases towards possible deterioration by the eluents could be determined.
EXPERIMENTAL

Materials
The test components used for chromatographic characterization of the stationary phases before and after the ageing experiments were all of reference grade. The n-alkylbenzene homologous series, test mixture 1 (Pierce, Rockford, IL, U.S.A.) and p-hydroxybenzoic acid n-alkyl ester homologous series, test mixture 2 (Sigma, St. Louis, MO, U.S.A.) were used for the determination of the chromatographic lipophilic and polar selectivity of the reversed phases [7] . A third test mixture containing components with various selectivities was used for comparison with previous papers [l l-141: acetophenone, benzophenone, benzoyl benzoate, ethylbenzene, 2-n-octylpyridine, n-butylbenzene and n-hexylbenzene, all of reference quality. Deionized water was freshly prepared with a Mini-Q system (Millipore, Bedford, MA, U.S.A.). All other solvents were of analytical-reagent grade (E. Merck, Darmstadt, Germany). The eluents used for HPLC were filtered over 0.22-pm membrane filters (Millipore).
Chromatography
All stationary phases were prepared on the same Nucleosil silica (batch 7021; diameters: dparticie = 5 pm, d,,,, = 10 nm; BET surface area, S,,, = 360 m2 g-') (Macherey, Nagel & Co., Diiren, Germany) to eliminate substrate-dependent effects on the stability of the reversed phases [3, 7] . This silica was modified with dimethylamine-dimethyloctadecylsilane (DMA-DMODS) [18] to obtain a conventional monodentate bonded n-octadecyldimethylsilane phase for the comparison with the polymer-coated phases. The two polymethyloctadecylsilane (0.25 molar ratio noctadecyl groups, carbon coating = 53.8%) coated phases, one precapped with trimethylsilyl-2,4-pentanedione enolate [13] , were prepared according to the procedures described previously [12, 14] , the non-precapped phase being meant as a model (see Introduction). These three n-octadecyl-modified stationary phases will be referred to as a n-octadecyldimethylsiloxysilane bonded phase (C, JA). a polymethyloctadecylsiloxane-coated phase (PMSCrs) and a trimethylsilyl enolate precapped polymethyloctadecylsiloxane-coated phase (CJPMSCis), respectively. The bulk properties of these modified stationary phases are listed in Table I . The carbon contents of the reversed phases were determined with a Perkin-Elmer Model 240 Analyzer. Trimethylsilyl enolate precapped Nucleosil-5-100 (Cl/E) was characterized for reference values of the polymer-coated phase.
From each stationary phase seven identical columns (100 mm x 4 mm I.D.) (System B; Knauer, Bad Homburg, Germany) were packed according to a standard packing procedure. After a chromatographic test to ensure reproducibility of the packing procedure, six columns were placed in an apparatus for simulated routine use. A 15% variation in column efficiency and a deviation of + 5% in capacity factors and selectivities were allowed for a given series of columns. The equipment and procedure for simulated intensive routine use were described in detail earlier [3] . However, the pulse-damping system was modified with a pulse damper (Waters, Millipore), a 3 m x 0.1 mm I.D. stainless-steel capillary and a 0.2-,um membrane filter in-line between the pump head and the column. This was performed in order to ensure a constant flow through the columns and to avoid the deposition of pump seal material at the top of the column, which could affect the ageing experiments.
The basic and acidic aqueous and aqueous methanol buffers used as eluents for simulated routine use experiments are listed in Table II . In this study the eluent normally used in experiment 4, aqueous sodium hydrogencarbonate buffer (pH 8.4), was replaced with a plain aqueous sodium phosphate buffer (PH 7.5). The plain aqueous high-pH sodium hydrogencarbonate buffer was found to be too destructive for the stationary phases under study. Meaningful chromatographic characterization could not be performed after this specific ageing experiment no. 4.
Two series of homologues, n-alkylbenzenes and p-hydroxybenzoic acid n-alkyl esters, were used for fundamental chromatographic characterization of the phases for [3, 7] . From this set of parameters the values of m. and 4, denoting mainly the non-specific lipophilic selectivity (interactions) and the polar selectivity (interactions), were calculated, providing the most relevant information on specific stationary phase-solute interactions. These interactions depend largely on the type and actual condition of the stationary phase when identical chromatographic test conditions are applied. With these restrictions, these parameters characterize the contribution of stationary phase-solute interactions to the overall selectivity of a stationary phase. For each column the separation efficiency, NsYs, was calculated for n-butylbenzene eluted with an aqueous methanol eluent containing 80% (v/v) of methanol, before and after the ageing experiments for each column. In addition, the status of the stationary phases was also tested with test mixture 3. With this test mixture the selectivity factor tl for the retention of 2-n-octylpyridine relative to ethylbenzene was calculated.
The chromatographic characterization was performed with the same equipment as described previously [3,7. For the Cis/A and CJPMSCis phases, adsorption isotherms of ethanol were determined to evaluate the amounts of accessible silanol groups left at the silica surface after modification [18] . Two columns (150 mm x 4.6 mm I.D.) were packed with these phases. Each column contained cu. 1.60 g of stationary phase material. The breakthrough method was employed to determine the modifier coverage at the stationary phase surface as a function of the mobile phase composition. The equipment and experimental design were similar to those published previously [19] .
Solid-state "Si NMR measurements
Solid-state "Si NMR spectra were obtained on a Bruker CXP 300 Fourier transform NMR spectrometer at 59.63 MHz. Representative samples of 190-230 mg were spun at cu. 3.5 kHz using 7 mm O.D. zirconium oxide rotors of the Bruker double-bearing type. "Si Bloch decay mag' ic angle spinning (MAS) NMR spectra of the original and modified silicas were obtained with a 7112 pulse and a pulse interval time of 90 s.
"Si MAS NMR spectra were also collected for the C1/PMSC1ll phases after the ageing experiments. Typically 620 FIDs (free induction decays) with an acquisition time of 10 ms for the substrate and silanized samples and 100 ms for the polymer coated samples were accumulated in 1K and 2K data points, respectively. Prior to Fourier transformation a line broadening of 10 Hz and 1 Hz, respectively, was applied and subsequently the data files were zero-filled to 8K. 'H-"Si cross-polarization magic angle spinning (CP-MAS) NMR spectra of all modified stationary phases prior to and after ageing experiments were obtained with a cross-polarization contact time of 6 ms. The pulse interval time was 1 s. Typically, 2000 FIDs with an acquisition time of 10 ms were accumulated in 1K data points and zero-tilled to 8K prior to Fourier transformation. The line broadening used was 15 Hz prior to zero-filling. The spectral width for all spectra was 15 kHz.
"Si CP-MAS NMR experiments with variable contacts, between 0.1 and 50 ms, of the &s/A, C1/PMSC1s and PMSC1s phases before and after a specific ageing experiment showed almost equal CP characteristics for the Cia/A and the C1/PMSC1s phases. This pertains to all siliceous moieties at the silica surface. Different results were found with different signals in the "Si NMR spectrum. Quantification of siliceous moieties at the surface with zgSi CP-MAS NMR can be performed with a single contact time but with specific correction factors for different 2gSi NMR absorptions [20] . The CP behaviours of the PMSCle phases before and after ageing experiment no. 5 were different, in particular for the polymeric moieties at the surface (see Discussion).
RESULTS AND DISCUSSION
Chromatography
From adsorption isotherms measured with the breakthrough method, the maximum adsorbed ethanol coverage of the Cis/A and Ci/PMSCrs phase surfaces was obtained. The columns packed with Cls/A and C1/PMSC1s contain equal amounts of stationary phase material. The maximum amount of ethanol adsorbed at the &s/A surface was 152 pmol on 1.60 g of material, with a specific surface area, corrected for the ligand content, of 264 m2 g-I. For the CJPMSCrs phase the value was 70 pmol on 1.60 g, with a corrected specific surface area of 28 1 m2 g -r . From these data, the adsorbed ethanol coverage at the surface could be calculated for both stationary phases. For the C1a/A phase the ethanol coverage was 0.360 pm01 mm2 and for the C1/PMSCls phase this value was 0.156 pmol m-'. The difference in maximally adsorbed ethanol was partly due to the difference in ligand surface density, viz., 3.3 1 pmol rnp2 for the Crs ligands versus 4.60 pmol m -2 for the precapped C1 ligands, as given in Table I . Ethanol adsorption by accessible residual silanol groups decreases with increasing amount of chemically bonded ligands. However, the large difference in ethanol adsorption, more than twice that for the C1a/A stationary phase, illustrates clearly the shielding effect of the polymethyloctadecylsiloxane polymer. The latter polymer is hardly chemically bonded to the silica surface, only physically adsorbed at the trimethylsilanized surface by Van de Waals interactions between hydrocarbons. A pronounced shielding effect of the residual silanol groups by the polymer, even for small molecules such as ethanol, is thus indicated. The chromatograms of test mixture 3 eluted on the Cis/A, PMSCis and C1/PMSC1s stationary phases before and after some ageing experiments are depicted in Figs. 1, 2 and 3, respectively. A comparison of these chromatograms indicates the difference in selectivity of the original phases. In particular, the 2-n-octylpyridine peak is found at different positions in the chromatograms. A small capacity factor for the basic 2-n-octylpyridine is assumed to indicate only limited specific interactions with acidic silanol groups [ 12- 141. This might be interpreted as a small amount of accessible silanol groups at the surface. The CI/PMSC1s phase exhibited the smallest amount of accessible silanol groups, as confirmed by the ethanol adsorption measurements. Further, 2-n-octylpyridine retention appeared to be very indicative of changes in stationary phase properties. Shifts in capacity factor values occurred after various ageing experiments. These shifts are summarized in Table III , where the selectivity factors cc(2++octylpyridine/ethylbenzene) are listed.
With the two polymer-coated phases, significant changes in this selectivity factor were observed after several ageing experiments. After ageing experiments with relatively aggressive eluents the selectivity factors generally decreased for the polymer-coated phases. This contrasts with the expected decrease in silanol shielding properties due to stationary phase stripping and disordering of the coating observed in earlier studies [3, 7] . A possible explanation of this unexpected phenomenon will be discussed in the solid-state 29Si NMR section. This decrease in selectivity factor value was remarkably large for the PMSCis phase after ageing experiments with high pH aqueous methanol buffer solutions.
After similar ageing experiments, the Ci/PMSCrs phase showed a relatively small decrease in selectivity factor. Only the high pH plain aqueous buffer increased the selectivity factor value of the CI/PMSC1s phase drastically. The Cis/A phase revealed a more or less constant, although high, selectivity factor for 2-n-octylpyridine relative to ethylbenzene.
From the chromatograms of the two homologous test mixtures, obtained with binary methanol-water test eluents with a methanol volume fraction between 0.6 and 0.9, the values of the parameters m. and q 'were determined. The lipophilic selectivity mo(n-alkylbenzenes) and the hydrophillic selectivity q(p-hydroxybenzoic acid n-alkyl esters) were calculated as discussed in detail previously [4, 7] . Changes in ligand hydrolysis and/or stationary phase stripping due to ageing will affect the mo(n-alkyl- benzenes) value. These changes will also influence polar interactions with the stationary phase surface, especially for polarizable compounds. The q(p-hydroxybenzoate) value indicates the effect of polar changes at the surface of the substrate better than the q(benzene) value.
The values of the lipophilic and polar selectivities of the octadecyl-modified phases are listed in Table IV . The m. value determined for the original PMSCl 8 phase is slightly higher than those for the other two phases, owing to a thicker polymer coating film (4 = 1.02 nm) at the surface of the silica pores. The mo(n-
value also indicates a better accessibility of the surface silanol groups.
The polar interactions determined with the homologous series of p-hydroxybenzoic acid n-alkyl esters are larger for the polymer-coated phases. The overall polarity is larger, probably owing to interaction with mobile siloxane bonds in the polymethyloctadecylsiloxane coating. The q(p-hydroxybenzoate) values reveal substantial changes after some ageing experiments, especially for the polymer-coated phases. The polar selectivity of both polymer-coated phases altered, except when a low pH methanol-water buffer solution was used as eluent. For the PMSC1s phase the peak shapes in the chromatograms of test mixture 2 after ageing experiments 4 and 6 were so poor that no meaningful value for q could be determined. The PMSCrs phase showed the largest changes in polar selectivity. The polar selectivity increased slightly after ageing experiments 1 and 3 and substantially after experiment 5. Here, more polar interactions occur, although the accessibility of the surface silanol was reduced after ageing experiment 5 (see selectivity factor a). We assume that the polymethyloctadecylsiloxane polymers remain inside the pores caused by immobilization through advanced chemical bonding. This explains also the unchanged m. values. The physical background of the apparent contradiction between changes in c1 and q@hydroxybenzoate) values will be discussed in the solid-state "Si NMR section. For the CJPMSCrs phase the q(p-hydroxybenzoate) values also increased, but less than for the PMSCis phase. The f&/A phase showed the most constant selectivity after the different ageing experiments.
The effect of the ageing experiments on the separation performance, NsYs, is shown in Table V . Because the plate numbers of the original columns varied by as much as 15%, the value of N,,,(n-butylbenzene) after the ageing experiments is listed together with the changes in the plate numbers after the ageing experiments. The PMSCis phase showed the largest decrease in efticiency after several ageing experiments. It can be assumed that the shielding and protection of the silica substrate by the surface-attached polymethyloctadecylsiloxanes is less than optimum. The various aggressive ions present in the ageing solvents could cause disorders of the silica surface fairly easily. Even the less aggressive solvent in experiment 2 causes a substantial decrease in column efficiency owing to degradation of the stationary phase.
The positive effect of trimethylsilyl precapping is clear. The stability of the resulting stationary phase improves, although considerable deterioration of the silica substrate was still observed after ageing experiments with plain aqueous buffer solutions of high or low pH. The stability towards organic solvents containing aggressive eluents was improved. This effect is so strong that superior shielding of the silica surface was observed compared with the octadecyl ligand silanized phase. Presumably, solvation of the polymer coating caused a more effective shielding of the silica surface underneath the polymer.
The carbon contents of the stationary phases, determined by elemental analysis, confirm the superior resistance of the C1s/A phase towards ligand stripping with plain aqueous buffer solutions (see Table VI ). Generally, the high pH buffer solvents cause the largest decrease in carbon content for the polymer-coated phases. Only after ageing One has to bear in mind, however, that changes in the carbon content are relative, and both the silica and the ligand or polymer coating can dissolve in the eluent. This explains the apparent gain in polymer content of the PMSCls phase after ageing experiment 4. Here, relatively more silica is dissolved. A large decrease in efficiency reveals silica dissolution and disordering of the silica surface (see Table V) . From the carbon content data for the C1/PMSC1s phase, it is not clear whether the polymethyloctadecylsiloxane coating and the trimethylsiloxysilane ligands are dissolved to the same extent. However, differences between dissolved amounts of ligands and polymers can be determined by solid-state 29Si MAS NMR (see the next section).
Solid-state 29Si NA4R
Table VII lists the siliceous moieties most relevant to this study, with their notations and 29Si NMR chemical shifts. The structures of these species are presented in Fig. 4 . The 29Si MAS NMR spectrum of the Nucleosil substrate is depicted in Fig. 5 , together with the deconvoluted signals. The silanol content calculated from this spectrum is listed in Table I. 29Si CP-MAS NMR experiments with variable contact times ("CP characteristics") of all the n-octadecyl-modified silicas revealed the specific correction factors for the different 29Si NMR resonances. With a contact time of 6 ms for the CP-MAS measurements in this study, the correction factors were calibrated, Z(O)/Z(6 ms), and are also listed in Table VII. 29Si CP-MAS NMR spectra were obtained for the Cls/A stationary phase before and after the ageing experiments (Fig. 6 ). The spectra in Fig. 6 are all scaled in the same way. The measured contents of siliceous surface moieties, relative to the untreated sample, are given in Table VIII . It is obvious that the contents of both n-octadecyldimethylsiloxysilanes (M,) and the hydroxysiloxanes (Q3) decrease. During the measurements, the usual precautions were taken to ensure maximum compatibility between the different samples (see above). The accuracy of our approach can be estimated to be cu. 5% relative.
A second conclusion from Fig. 6 is that the amount of silanol groups is reduced relatively more than that of the ligands, especially after treatments 3-6. The high pH buffer eluents also cause the largest changes in amounts and content ratio, although the changes in ratio are small.
There is an important difference between pulse and cross-polarization (CP) excitation of MAS NMR spectra. The former method, simply referred to as MAS NMR, can be made largely non-selective by using pulse interval times at least three times as long as the largest longitudinal relaxation time (T,) in the sample [21] . Typical T1 values for derivatized silica gels are ca. 30 s [22, 23] . The CP method, on the other hand, is intrinsically selective [24] . Quantification is sometimes problematic (see the beginning of this section), but the determination of the several time constants involved in the CP process can be used to determine (differences in) motional behaviour of the sample molecules. In this study, molecular moieties with widely differing motional behaviours are involved, often within one sample. This renders the choice between the two excitation methods often non-trivial.
The difference between spectra obtained with "Si MAS NMR and "Si CP-MAS NMR for siliceous species modified at the silica surface, of interest in this study, is illustrated for the PMSCis stationary phase in Fig. 7 . Especially for mobile polymeric siloxysilanes loosely attached to the rigid silica surface, the cross-polarization technique can have a very low response. In this sample the polymethyloctadecylsiloxane polymer is either loosely attached at the silica surface or fixed at a few positions only. With the "Si MAS NMR measurements the loosely attached polymer groups are detected, yielding the narrow signal at -22.3 ppm. The CP characteristics reveal that with a contact time of 6 ms a very small cross-polarization efficiency is obtained for the rather mobile polymer chain. A large correction factor must therefore be used for the D; species with CP-MAS NMR spectra obtained for this stationary phase with a contact time of 6 ms (see Table VII ). Some of the polymethyloctadecylsiloxysilane groups are incorporated in loosely attached, mainly physically adsorbed, polymers at the silica surface, i.e., the Di groups in the NMR spectrum, while the other part is chemically bonded, forming short loops, i.e., the D; groups. The formation of these latter siloxysilanes causes the amount of remaining polymeric hydrocarbonsiloxysilanes (Dz) to be small. The more mobile polymers are physisorbed by the short chemically bonded hydrocarbon siloxysilane loops at the pore surfaces. This is similar to the methyloctadecylsiloxane polymers being physically adsorbed at the surface of the trimethylsilyl enolate precapped silica substrate. The ratio between D2 and D& moieties at the surface of the original PMSCis phase was determined by "Si MAS NMR to be D;:DI; = 0.63:0.37. The amount of unreacted silanol groups (Q3, determined with CP MAS NMR) is high for this stationary phase compared with the other stationary phases (see Table I ). Fig. 8 depicts the CP-MAS NMR spectra of the PMSC 1 8 phases before and after the ageing experiments. From these spectra and Table IX, it was concluded that the amount of silanol groups decreases drastically after the ageing experiments with high pH buffer solutions. In parallel with this decrease in silanol content, the amount of polymeric siloxysilanes changes; a first glance at the spectrum would indicate an increase in Di. However, this increment in DZ moieties is partly artificial. A 2gSi CP-MAS NMR experiment with variable contacts showed a shift in CP characteristics with the treatments, and the optimum contact time decreased, together with the correction factor Z(O)/Z(6 ms). This indicates that the polymethyloctadecylsiloxysilane groups are more tightly attached to the surface. Probably, hydrolysis of siloxane bonds in the long polymer chains causes fragmentation. These polymer silanol groups condense with other silanol groups (polymer or surface) with the formation of a more rigid polymer network with smaller loops. The polymer chains still exist but with a decreased free chain length between the cross-linking knots. The amount of small loops anchored to the surface, D;, increases accordingly. However, a substantial number of the surface silanol groups disappear owing to substrate hydrolysis, dissolution and condensation with neighbouring silanol groups to form siloxane bridges.
Both processes, the formation of a more rigid coating layer and the dissolution or condensation of silanol groups, explain the changes in the chromatographic behaviour of this stationary phase. These are an increase in polar selectivity q(p-hydroxybenzoate)
by the increasing number of siloxane bonds in the polymer, a more or less constant stationary phase ratio and a decrease in selectivity factor value, a(2-n-octylpyridine/ethylbenzene).
These latter changes are particularly evident after ageing with high pH buffer solutions. However, the stability of this stationary phase is poor.
The "Si CP-MAS NMR spectra of the native Nucleosil silica substrate, the trimethylsilyl enolate precapped substrate and the subsequently coated polymethyloctadecylsiloxane stationary phase are depicted in Fig. 9 . It is calculated from the results that cu. 60% of the silanol groups at the native silica surface reacted with the trimethylsilyl enolate. The reaction of the coating polymethyloctadecylsiloxanes with the remaining silanol groups can be neglected (see also Table I ). Here again, the CP efficiency of the polymeric hydrocarbon siloxanes, D';. moieties, is poor. To our surprise, approximately the same CP characteristics were determined for these moieties at the surfaces of the PMSCra and the CJPMSCis phases. One may conclude that similar mobilities for the methyloctadecylsiloxane polymers on top of the surface-anchored short hydrocarbon siloxysilane loops point to similar structures of the polymethyloctadecylsiloxane coating. However, for the C1/PMSC1s phases the CP behaviour was hardly influenced after ageing experiments with high pH watermethanol, in contrast to PMSC1s. The precapped polymer-coated stationary phase thus hardly shows an advanced cross-linking under these conditions; see also the selectivity factors a. The non-precapped phase forms cross-links.
For reasons already mentioned, the zgSi MAS NMR spectra will be used for quantification of the siliceous moieties of the C1/PMSC1 s after the ageing experiments (see Fig. 10 and Table X) .
Again, a slightly higher silanol content was determined after the ageing experiments with extreme pH plain aqueous buffer solutions, With the low pH plain aqueous buffer the increase in silanol content coincides with a decrease in trimethylsiloxysilane ligands and a loss of polymer coating. With the high pH plain aqueous buffer, only a small decrease in anchored ligands is observed. The amount of polymer remains constant with high pH buffer solutions. As already observed with chromatography after ageing experiments with high pH buffer solutions, the C1/PMSCi8 revealed much better substrate shielding properties than the non-precapped PMSCls. The amount of silanol groups decreased slightly, indicating only limited silica dissolution.
CONCLUSIONS
The polymethyloctadccylsiloxane-coated stationary phases exhibit a selectivity for polar compounds like those incorporating pyridine, which clearly differs from conventionally modified octadecyl phases. Only a small amount of accessible silanol groups could be determined with ethanol adsorption measurements and chromatography. However, the overall polarity determined by the homologous series of p-hydroxybenzoic acid n-alkyl esters reveals a larger value for these particular coated phases than for the conventional C18/A phase. This is probably due to interactions with mobile siloxane bonds in the polymethyloctadecylsiloxane polymer coating. With high pH water-methanol buffer solutions the polymethyloctadecylsiloxane coating forms a rigid polymer network by advanced cross-linking, more tightly connected to the silica surface. This is observed to a large extent with the PMSCl s phase, probably owing to the large amount of remaining silanol groups after polymer modification. Part of the silanol groups react with the hydrolysed polymer chains. However, advanced cross-linking of the polymethyloctadecylsiloxanes does not reduce dissolution of the silica surface underneath. With multifunctionally modified octadecyl ligand phases, cross-linking and condensation of the surfaceattached silanes were also observed after similar high pH ageing experiments in a previous study [3] .
The PMSCrs phase exhibits the poorest silica shielding properties. Trimethylsilane enolate precapping improves the stability of the polymethyloctadecylsiloxanecoated stationary phase substantially. The more effective interactions between the hydrocarbons of the polymer coating and the trimethylsiloxysilane ligands result in an improved structure and better attachment of the coating layer. Surface shielding by the coated polymers of the C1/PMSC1s phase improves considerably in the presence of organic solvents in the eluent. With high pH water-methanol buffer solutions this shielding is superior to the conventionally modified C1s/A phase. However, plain aqueous buffer solutions with high pH values cause the silica surface to deteriorate as a result of minor substrate and ligand hydrolysis and subsequent dissolution. The surface-attached octadecyl ligands of the conventional Crs/A phase exhibited better shielding properties under these conditions. When RP-HPLC separations with various aggressive solvents are necessary, the precapped polymer-coated stationary phase should be cross-linked more drastically to minimize shifts in selectivity caused by advancing cross-linking during use.
Therefore, future research on polymer-coated porous phases should also be focused on an enhancement of stability. Better silica shielding and protecting properties would further increase the popularity of these phases. A consistent specific selectivity, incorporated in the polysiloxanes, over a long period of intensive use in LC practice will convince many future users of the convenience of these types of phases. When special care concerning surface shielding and surface wettability of the polysiloxane coating is taken, the polymer-coated phases should exhibit a stability equal or even superior to that of conventionally modified phases. A good example is the trimethyl precapped polymethyloctadecylsiloxane phase examined in this study.
